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INTRODUCTION 82
Knee OA is a leading cause of physical disability among elderly people (1). However, the reported 83 associations between radiographic severity of disease and self-reported and/or objectively measured physical 84 M A N U S C R I P T
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Symptom evaluation 144
Evaluation of symptoms was performed by questionnaires which were completed by the subjects before 145 undergoing MRI examination (mean time interval 3.4 days with range of 0 to 41 days). Pain severity was 146 recorded by using 100 mm visual analogue scale ( 
VAS). Western Ontario and McMaster Universities 147
Arthritis Index (WOMAC) function subscore (19) was used to estimate self-reported disease-specific 148 physical function. 149
150
Physical function tests 151
The physical function was measured using a standardized test battery (2, 21) (mean time interval 0.8 days 152
after undergoing MRI examination with range of 0 to 12 days). Prior to performance, the subjects were 153 familiarized with the test procedure. Pauses in average 2-3 minutes between tests were allowed in order to 154 avoid fatigue. The tests were as follows (in the order of performance): twenty-meter walk (20-m walk) test 155 (2, 22-23), five-minute walk (5-minute walk) test (2, 23), stair ascending and stair descending tests (2, 24-156
25), Timed Up & Go (TUG) test (2, 24) and repeated sit-to-stand test (2, 26). 157 158
Magnetic Resonance Imaging (MRI) 159
Knee MRI was performed using a 3T system (Skyra, Siemens Healthcare Global, Erlangen, Germany) with a 160 15-channel transmit/receive knee coil. In the symptomatic group the (more) painful knee was imaged, and in 161 the asymptomatic group the knee of the dominant hand side was imaged. The following sequences were 162 included in the protocol: sagittal T2 weighted dual-echo steady-state (DESS), sagittal proton density (PD)-163 weighted spin echo sequence, sagittal intermediate-weighted 3D SPACE fat-suppressed turbo spin-echo 164 (TSE), coronal PD-weighted TSE and coronal T1-weighted TSE. For assessment of patellofemoral joint, 165 axial images were reconstructed from isotropic DESS images. Coronal fat-suppressed images were 166 reconstructed from the sagittally acquired 3D fat-suppressed SPACE sequence. A detailed description of 167 MRI sequences is presented in Table 1 . 168
169
The presence and severity of structural changes was graded by MRI Osteoarthritis Knee Score (MOAKS) (7) 170 in separate knee locations (Table 2. ). Reliability of the MOAKS system has been reported before and 171 agreement by the same readers has been shown to be good to excellent (7). Weighted kappa values for intra-172 reader reliability range between 0.68 (Hoffa synovitis) and 0.97 (meniscus morphology) as reported recently 173 in another cohort read by the same readers applying a comparable imaging protocol (27). The grading was 174 performed by an experienced musculoskeletal radiologist (AG) with 15 years of experience in semiM A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
Cartilage degeneration anywhere showed moderate association with impaired performance in the physical 247 function tests except for sit-to-stand test (Table 7. ). Subjects with severe cartilage degeneration (anywhere) 248 needed, in median, 21.0-56.7% longer time to finish TUG-, stair ascending-, stair descending-,20-m and 5-249 min. walk-tests compared with subjects with mild degeneration, respectively (Table 6) (Table 7) . Also, an association with small effect size was demonstrated between 256 cartilage degeneration in the medial femur and 5-min. walk test and between cartilage degeneration in the 257 lateral femur and sit-to-stand test. 258
259
Neither bone marrow lesions (BMLs) nor osteophytes showed any significant association with physical 260 performance either in the adjustment model 2 ( Table 4 ). Gender and age had small yet significant association with 272 physical performance, and BMI showed association with both perceived and objectively measured physical 273 function in both adjustment models (Supplementary Tables 4 and 5 The main finding of our study is that cartilage degeneration, lateral meniscus maceration and lateral 292 meniscus extrusion were associated with poor physical performance when adjusted for demographic factors, 293 other MRI-features, and further with pain. Osteophytes were associated with poor self-reported physical 294 performance after adjustment for demographic factors and other MRI-features but the association did not 295 remain after further adjustment for pain. Knee pain showed significant association with both poor self-296 reported physical function and poor performance in the physical function tests independently from MRI-297 defined structural pathologies. 298
299
We have earlier reported of the associations between MRI-related structural pathologies and pain -the 300 another main symptom of knee OA in this study population (10). The findings were somewhat different 301
showing that, instead of cartilage degeneration, Hoffa's synovitis and osteophytes had significant association 302 with pain, and medial knee pain was associated with medially located structural pathologies (e.g. cartilage 303 loss in the medial tibia, osteophytes in the medial tibia and medial femur, medial meniscus maceration and 304 anterior meniscus extrusions) (10). These differences might be interpreted as consequence of different 305 mechanisms underlying pain and physical function. thickness cartilage defects in the medial tibia and medial femur. Also, increasing WOMAC function scores 309 were significantly associated with cartilage defects in their study (8). Link et al (11) reported significant 310 differences in WOMAC function scores in subjects with or without cartilage lesions, and weak but still 311 significant associations between WOMAC function subscale and tibial cartilage volume determined from 312 MRI was reported by Wluka et al. (12) in subjects with knee OA. Our results are in line with these findings. 313
However, also opposite results with no association between cartilage lesions and poor physical performance 314 have been reported (14) . 315
316
The underlying mechanisms for the association between cartilage degeneration and poor physical function 317 are not clear. Considering pain as an important mediator for physical disability it is important to notice that 318 cartilage is not innervated with nociceptive fibers. However, cartilage loss has been reported to be associated 319 with knee pain (1, 8, 10, 11, 34, 35) . This might be due to increased loading resulting in subchondral BMLs 320 and concomitant changes in synovium which are known to be associated with pain and may result in 321 increased sensitivity to impact stresses during physical activity (1, 12, 33). Decreased physical activity due toM A N U S C R I P T A C C E P T E D and/or other significant MRI-features or pain which may explain the differences between our results. We 332 have earlier shown in this study population that osteophytes were strongly associated with knee pain (10) and 333 thus, it is also worth to notice that if knee pain is an intermediate between osteophytes and physical function, 334
including it into the regression analysis model as a confounder may have lead to a false negative finding, i.e. 335 lost of a true positive association. As such, there was a significant association between osteophytes and self-336 reported physical function when the presence of pain was left out of the analyses. Furthermore, based on 337
observations from large longitudinal cohorts it may be discussed that the structural pathology itself may not 338 be the main determinant of functional impairment but the rate of structural progression instead may be of 339 greater significance (40) that may also explain our findings. 340
341
Both presence (8, 13) and absence (11, 14) of association between meniscus tears and poor physical function 342 have been reported. In our study meniscus tears did not associate with physical performance or self-reported 343 disability. However, we found that lateral meniscus maceration, i.e. substance loss that is considered to be 344 more severe morphological change than any tears, was associated with poor performance in stair ascending 345 tests after adjustments for demographic factors, other MRI-features and pain. Furthermore, we found small 346 yet significant associations between lateral meniscus extrusions and poor performance in stair ascending test 347 after adjustments. An association between meniscus extrusions and maceration and OA-related symptoms 348 may be due to altered biomechanical loading following the loss of meniscal function (41). It can be 349 discussed, that, as with cartilage degeneration, meniscus changes might not only be a risk factor for physical 350 disability in knee OA subjects but also a consequence of OA-related physical inactivity (13). As suggested 351 by Lange and colleagues (13) a vicious cycle that exists between reduced activity levels and overall mobility 352 impairment may contribute to the progression of OA, and excess pain and disability limits individuals' 353 ability to participate in physical activity. To our knowledge, this is the first study to report relationship 354 between meniscus extrusion and physical function. cartilage lesions, any BMLs, osteophytes, Hoffa's synovitis and pain considered having significant influence 372 on physical performance resulting to a model that at best accounted for 83.1% variance of self-reported 373 physical functioning. Also, with the exception for BMLs, all covariates showed significant association with 374 either self-reported physical function or performance in at least some physical performance tests. On the 375 other hand, due to adjustment for multiple covariates, the models may also have resulted in diluting some 376 significant associations. Furthermore, other factors that may have influenced physical performance, such as 377 other illnesses (30, 46), which were significantly more frequent in the symptomatic subjects, muscle strength 378 (2, 14), use of analgesics or fear-avoidance behavior (47, 48), were not taken into account. Also, in general, 379 the controls are best recruited from the same source population as the cases, which unfortunately did not 380 happen in our study, which may have served as a potential source of bias. However, failure in matching the 381 study groups on age and BMI should not induce any obvious bias as these factors were included in the 382 regression models. The cross-sectional nature of this study allowed us to examine only the associations 383 between structural features and physical function, which may not have been truly causal but rather reflecting 384 the severity of another underlying structural pathology and/or involvement of some unmeasured symptom-385 and/or performance-modifying factors, such as physical activity. Also, although the physical function tests 386
were performed mainly at the same day or day after undergoing MRI, and the mean latency between filling 387 the questionnaires and MRI examination was 3.4 days, in which time it is unlikely to have any changes in 388 MRI-features, it is possible that in some subjects (the range of delay 0 -41 days) the delay between these 389 measurements may have affected the results. Finally, it is worth to note that the missing association between 390 most MRI-features and physical disability in this study should not be interpreted as a true negative findingM A N U S C R I P T
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393
In summary, cartilage degeneration showed significant association with both self-reported and objectively 394 measured physical function with moderate-to-small effect sizes. Lateral meniscus maceration and lateral 395 extrusions associated with increased stair ascending time. Osteophytes were associated with decreased self-396 reported physical function after adjustment for demographic factors and other MRI-features, but the 397 association didn't remain after further adjustment for pain. Knee pain showed a significant association with 398 poor physical function independently from MRI-defined structural pathology. 
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27 646 647 Severe cartilage degeneration defined as having both score ≥ 2 (at least 33% of region of cartilage surface area) for the size of any cartilage loss AND score ≥ 2 (at least 10%) for percentage of full-thickness cartilage loss of the defined region Large BMLs defined as size score ≥ 2 (i.e. size of BML exceeding 33% of subregional volume) Large osteophytes defined as osteophyte size score ≥ 2 (i.e. medium and large -sized osteophytes) Moderate-to-severe Hoffa's synovitis defined as Hoffa's synovitis score ≥ 2 (i.e. at least moderate signal hyperintensity in the Hoffa's fat pad) Moderate-to-large effusion-synovitis defined as effusion-synovitis size score 2-3 (i.e. fluid with slight convexity of the suprapatellar bursa [score 2] or evidence of capsular distention
The site-specificity of given structural pathology in MRI Site-specificity of cartilage degeneration, BMLs and osteophytes in MRI was defined as i) patellofemoral if there were any changes in at least one of following subregions: anterior medial femur, anterior lateral femur, medial patella or lateral patella ii) medial femoral if there were any changes in at least one of the following subregions: central medial femur or posterior medial femur iii) lateral femoral if there were any changes in at least one of following subregions: central lateral femur or posterior lateral femur the site-specificity of cartilage degeneration and BMLs in MRI was defined as 3 iv) tibial medial if there were any cartilage loss or BMLs in at least one of following subregions: anterior medial tibia, central medial tibia or posterior medial tibia v) tibial lateral if there were any cartilage loss or BMLs in at least one of following subregions: anterior lateral tibia, central lateral tibia or posterior lateral tibia MRI OA knee score (MOAKS) (10) was used to classify the MRI-related structural pathologies. 1 Defined as present or absent in MOAKS. 2 The severity of each structural pathology for given location was defined according to the most severe finding in this region (e.g. cartilage degeneration in the medial tibia was defined as severe if there was one severe cartilage lesion in at least one subregion in the medial part of tibial condyle). 3 In MOAKS osteophytes in tibia are classified only being either medial or lateral.
28 648 Table 3 Characteristics of study subjects Symptomatic subjects (n=80) Asymptomatic subjects (n=57) Table 4 Prevalence and severity of the MRI-detected site-specific structural pathologies in symptomatic and asymptomatic subjects Number of subjects with small or mild lesion Number of subjects with large or severe lesion Symptomatic subjects (n = 80) Asymptomatic subjects (n = 57) Symptomatic subjects (n = 80) Definition: see Table 2 M A N U S C R I P T
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